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Device and method for inspection of high freauencv anri 
microwave hybrid circuits and printed [Sr b oams. 



Introduction 






establishment of errors in St ct^t^ ^ *° ^ Should allow * e 

me optimisation of the circuit S To ^werl^^ co ^^ of the choice of elements and 
information on currents or voltagesln thVSt dSSS ' ^ t0 ^ rate **** 
characteristics. During the production nhL *Zl ^ S lts °P eratlon » ^ir phase and spectral 
measurements at a number ^tp^R^J^ ***** * ' perform relativel y ^ple 
functioning one to enable quX con^SZ * ^ ^ readin S s a correctly 

Therefore, requirements tot t So^ S adjustment procedure. 7 

production phase. During the develop^ phas* ^^u^enu^fo™^ develo ^t and the 
small number of units. The unite could be anTecteori* STr?? J! 5^ ° n * relativeI y 
sumlar circuit hereinafter called Device Under St H' lu ybnd CU " Cuit or other 
not have to obtain in-depth informant b« £ melsS^t ^ ^P^^ phase one does 
alargenumberofDUTscomdpassrougnte^^^ 

P^b^^ LTtX™ S S V °i tege ^ - a — * of test 

between the DTJT and the test rig through ^^^ n f^ m ^^ hUshlaeat of 
These are called the "Bed of^I^^^J^Tl^ ° f W-towtod probes simultaneously. 
"Bed of Nail" and related tecSgS tSSXJ J 3 " 0113 ^ 68 haVe been ^eloped for me 
4,017,793- Haines; US W^lS^^Ml^S'Sr?^ ""^ in U * Pat - Nos 
4,164,704- Kato et al; US 4,209,745 Hfo£ US 4 32 ^' 2 US T 4 >H5,735- Stanford; 
5,216,358. Such technologies work reS at a tow frf US 4 ' 322 ' 682 Schadwill; US 

testing of unpowered ^^^^S^SS^ * to 1 00 For 

some cases capacitance is measured between m TtiacSld ^ ° f fee board *» 

Reuner). In the case of powered PCB, Stages are utX™ ^T* ^ <«* US 4,583,042- 
Generally a sumlar approach is taken foX^SS *° ^ 
frequency probes are more complex and difficult ^fn£ ™ miCrowave «rcuits. The high 
technologies are described in US test 

of a device/printed circuit boa^d can serte t ^zconZT™/ measurements ' ^ost any pin 
frequency and microwave measu^e^ente contact 22 » ^ *^ * ^ C8Se ° f 
be specially placed on the DUT just^^ &e numn<^ ^ iT** larg6r in size ^ *> 
2. The high frequency and microwave prob* S i ^ 

ones. To place the probe on me DUTc^ectiv TST" t"" 1 ** ^ the Iow - fr ^ncy 

correctly, a single probe has to make contact J 



SSS^SS£^^£S^^J«- * «-«** - with a low 
detrimental role. rougnness ot the DUT or contamination can play a 

several points mtSeVeraId ' £ferMlt P robes °>vetobeu S e<Itote S tflie DUTa« 

M™r4t^S^a^ v ^ *- thetesttechnologyat 
GHz. The intention isZ^oT. £fcSdLST£ ^ toqueocy range fiom 50 MHz to 50 
testing technology- estabnsta^t ^ i deputure ftom *• *«V requirement of the current 

between Ore probe and the DOT n«SS" fctSr" 1 * resistance 
^thenon-radlanve^^S 

anay of electromagnetic sensors An examnl^ ; w u P ertuibatlon « measured by an 
5,424,633- Soiferman. A^^^^^^^^.^^^inT^ Pat 
Goulette et al. y " technol °gy « desenbed in US Pat. 5,006,788- 

teaches a method i of charac^S nron^?/^^^ 011 US 5 > 781018 Pavidov et al) 
resistivity. In this tecb^q^e^cw^ilr^,^ ***** Constant « Ioca * ' 
towards the sample. The X£ Se^d IZl ^ ed through a wave-guide probe 
signals at two ormogonal ^tafaaSnT ^ , the , sam P le back ^ Ae wave-guide. Two 
6,100,703. Almoughfce SSS^SSShSi^ 7^1 ***** ta in US 

such as silicon wafers, mey caS be t6Sting ° f passive materi ^ 

although these techniques arable rS%£ ?* ? Stmg aCtive DUTs - Besi des, 
scratches on a flat ooSSES^ * g ^ featUres such as W 

required for testJg^PcTl^ ^SSTS^T^ ^ 1 °° ^ ** iS 
one could estimate that the resolSl 1 ? 6 P resente <* * the specification, 

understandable as SIS2S2S^ ™T ° f SeVeral mai ™*^ This is 
frequency of interest ^o^tTcleS ZT^^^L^ be ° f a rather lar ^ at the 
onaparricularreson^ 

K ca 38 local conductivity or dielectric constant) at high frequency by 



bringing an open ended probe in close proximity to the material. Those techniques are 
presented me^g patent specification US 5,900,618 (S.M. Anagle etal.) and publications [C P 

rS/TmF f S ' ^^ff^ R C - WeUsto0 ^ A PPl- «V Lett 69 (5*t 
p 3272], [D. E. Stemhauer, C. P. Vlahacos, S. K. Dutta, F. C. Wellstood, S. M Anlaae AddI 

Vol 27 (1997), p.413]. Electromagnetic field is coupled into the sample either from the probe or 
from an external source. The energy, reflected back from the sample into the probe or 
ton^ttedlhrough the sample, is measured. A similar technique is described in US Pat 
6,173 604- Xiang et. aL The microwave energy is coupled into probe placed in proximity of the 
sample. The energy reflected from the sample back into the probe contains information about 
the sample properties such as dielectric constant. To improve the sensitive of the technique the 
probe is placed in quarter wavelength cavity resonator. These techniques are based on 
monitoring relatively strong capacitive coupling between the probe and the sample. It is exactly 
for this reason that they can not be directly used for the testing of microwave devices and PCB 

SrT^ 

Due to good sensitivity and well-defined electric properties, short cylindrical coaxial antennas are 
commonly used for the acquisition of microwave electric intensities in a near-field region 17 
rZ wZw ™S n ' Tr ^- m i ™ eOTy Tech - 28 C7X P-752 (1980); J. Gao, A. Lauder, Q. 
« m l V ^ T 5f" , , M,a TbBOCy TeCh 46 (1 " 8) ' P ' 1694 ' P^nt specification US 5,900,618 
(S.M. Anagle et al). Also known as short monopoles, they consist of a central conductor that 
protrudes for a defined length from the shielding. Because of die axial symmetry, such antennas are 
sensitive to the component of the electric field intensity parallel to mat axis. The external field is 
commonly assumed to be homogeneous thus resulting in a single sensitivity coefficient, that is the 
ratio between the signal level induced in the antenna and the field intensity. The length of the 
protruding conductor must not exceed the desired spatial resolution. The resolution does not just 
depend on this length but also on the dimensions of the shielding as surface currents in the 
shielding induce a secondary field and change the input signal. When the field is highly localised 
TT 1* Tu rf *f protrud fg conductor, images with spatial resolution somewhat better than 
the length of the conductor and the dimensions of the shielding can be obtained. On the other hand 
those "nages lack good quantitative characterization as the antenna's signal level depends on a 
Particular distribution of the field that can no longer be considered to be homogeneous 
Additionally, when the antenna length is chosen to be comparable or shorter than the shield 
diameter, the presence of the shielding close to the circuit may cause redistribution of the charges 
m the circuit and distortion of the primary induced field. 

For many DUTs it is beneficial to be able to perform the measurements with the spatial resolution 
of 100 micrometres or better as the width of the track on a PCB is in that range. It appears that only 
by decreasing the antenna dimensions along with the coaxial shielding its spatial resolution 
capability can flien be improved. Therefore, one expects that in order to make the antenna a suitable 
basis of the test technology, it has to be made with dimensions smaller than 50 micrometres. There 
are, however, numerous complications in making such an antenna. It is difficult to manufacture 
reproducibly the antenna alone with such small dimensions, especially manufacturing the coaxial 
line with a smaU diameter and forming a short protruding central conductor. It is also difficult to 
, estobhsh a reliable and well-defined shield. Such a shield strongly influences the properties of any 
antenna. The second reason making it unattractive to reduce the antenna size into the micrometer 
range is that with decreasing the antenna size, its impedance values move away from the common 



SS^^^fr^ ^ * the 

miniaturization of the antenna solution capability without the need for further 

s^tio^ 

separation and again the llger ZsemZ^Tlt^ ^ depends on 

intuitively attractive to reduce ? * ^ SIgMl detected - ft is > therefore, 

the best course of act£nfc£ 3vS ~ * V ^ 38 Sma11 38 possibIe ' ™ s is however, 
influencing the Um^^SSS^Z * Separation 1116 ***** 

capacitor between the DTJT and the antennlatTl ™- ♦ Z Yl? effectlvel y equivalent to a 
greater the capacitor's value^kr^^ ? P T ° f teSt 1116 smaUer *» separation, the 
Probe and theSce tS^SSSSfS depends not only on the separation between the 
The optimal s^o^^^^rF^ ^ *• 
achieve high i^Won^J^ 

not exceed the desired resolution but it £SS^mS^£^? ^ple The separation should 
the antenna. The range of some 5-50 umTnr^ST ™ ? ° f *° P rot ™ding end of 

of similar value, The situaT is nuTr cornph^ "rs 

^een^eendofthe^^^^ 

° f -h. techniques 

literature and open publications - US ttll^^Y^T^^tT^ * ^ 
Phys. 71 (1992), p.2499], [R. Tolledo-C™ P C :£J?(LW Vanez-Iravani, J. Appl. 
Lett 60 (1992), p.2957] rV Martin C r w!n;o ' v% J?\ M> Varez -&avani, Appl. Phys. 
(1997), p.4723 . WorLrtely of SbSSSS,^ Appl. Phys. 62 * 

p^e^ 
SpT^^ 

operate very closeTfce SSS^S^lT - ^ sam P le P™™* As these probes 
or magnetic interaction berween SJSSXS ie SS* I ^ ^ *° ""^ t0 1316 ^ 
5,936,237 (Van der Weide D Wa^Tt ? P "*? ' SUCh aS Closed in US Pat. No 
measurements of variou^be^Se i2S5™ be witiidrawn out of the sample for 
the US specification US 5^1 t^Sm mtB ™f? na ? distances, as in system described in 

we do no, depute fc* i« may « ^SeK«^fe*«to^ 




high resolution ^^ffi^^^^ w ~ A n a. 

probes for PCB ^^^^^Sw^e fi^? ^ * x P erience ««* the use of such miniature 

satisfactory perforn^c^iS^ to 50 GHz) with any kind of 

the probe size and the s^Mynty of ^^L^Zn ^damental relation between 

. requirements put on the DuPZ^oTlTs^ ^^V "* a,SO P ractical 

technologies to the inspection ^^^^^Z^^ h ^ f ^ listing 
relatively flat samples. Waters 313(1 study of matenals properties of 

Detailed description of the invention 

Theinventionwinbemo*^^^^^ 

— ^ 

need of reducing the lengfcTthe ^Snn^f^ £f!^ afa0n ° f meaSUred fieId ***** *• 
diameter of the sWeld On the con^T " ^ P«>truding conductor and reducing the 

important that unl^fin matj stoSm^H ^ """J™** * relativel y lon S- * * crucially 
exceeds both the dianxeS 2£ ^1T? P COnductor ^stantially 

measured signal lines ofS^ly 003X131 ^ ^ SiZe w ° f 



/ > 3Z>,3w (1) 




is^vet^^^ l0W PertUrbation signals in DUT 

the length of the St^S S ^T!? ^ reas ° n for * ** if 

signal line compares or is Setl 1 2 ■ dten sts faSE "* ^ 

within DUT's and chanees its nerfn^^l pensions, the shield starts affecting the signals 

protruding conSctor^fT^ffZ^^ ^ ^ 1 ■ nd *° dianM *» <* of central 
the range of SOprn - 0 "m m , S^ffi^i* = ^ ** ^es within 

described above^ne shoZ expe^ ttJK2fiEST~ ^t? ^ ^ " We have 
central protruding conductor in our cTe^Sf I ? 6 ^P 3 "* 16 to the length of the 

that this is not thfcase and £muTbX 7^J^T % t ° f ^ ^ ^ ^ We ^ s *°w 
difference method This meZd fS solution can be achieved using a special signal 
measurements waL the anient ^dfsn WH T ^P 3 ™? ^ults of two subsequent field 
microwave circX^^ SSS^'JS? Tl "J** ta "* 1 b >- planar 
increasing distance from menace For to S ?°" SUrface 311(1 ^ 

homogeneous field, the sSaTkveTcL b^Svf "tT* ^ U 1<<X) > plaCed m such a non " 



the subsequent network SS^£i m ^P 3 * 8011 wi * impedance of 
and the position of the protruding^ ^nducto^TnThe^Hr ^ """^ SOUrCe - Ge ° metr y 
antenna displacement £d merefore the^ ^rtLtinn^ r & ° n ° d0eS n0t Change with * e 
unchanged I* = /* For ^ 7 COntnbutlon from the same external field remains 

ged, /, I 2 For hxgh-densny planar structures, when condition (1) is fulfilled, the field 



The measured signal difference ^ ^ besu PP<> sed *> benegligible, zfljc J 



AT = 




Which ^ to ^ £££ * *— - 



- A/ 



wel W efined field standJLd^X anrt?7 med *° m mK ^£ne nt to a 

values of the electric field Kg fsho^it^ST 8 P T? S fcr "» Nation oVreal 

At/on antenna displacement A/. The dLJrfS,. de ?f ndenc J' <* *e measured signal difference 

preamphfier and the transmission ofSStX: 2^ lm<5 ' fee P ro P er ** of the " 
Analyser (VNA)). As the signal level mu^SL^ aCqUlsl ? on (usually a Vector Network 

may effectively limit its JS^ZS^SSt * ^ me se ^tivit£ of the 

For small displacements A/ the ap^f SeTrotiS ^ 1111,1111131 detectable field fctem^i 
current source and one of the m&££ ffiES* T*"*? ttaB6o ° 8 38 a near ideT 

Figs 3 and 4, a,b,c demonstrate the benefit nf th» • 

section gap between its ^^0^^^^ Wi * a s ^ 

sample. The capacitor has been fabricated on a sutt^ I 5 abncated to ac * as a demonstrator 
tockness ^127 microns. The width of the £££ta ^ ^ COnstant -"-2 and a 

S=60 nucron. The terminal a of the capacto S L f ? m,Cr ° n ' *^ separated by a gap 

u 10 me load. The protrudmg conductor 




represent scanned field images of 2 [25^2 T ° ^ * e circuit 4 M> 

antenna/sample separations of 6 °IT™T?> * &0<med fortwo 

signals. We can cl^S ^^S^ 4 c is ^ ^rence of these 
antenna is sensitive /the fieW ae^f Sg ^ enZ taShS? ** M * e 

scattered field intensities at higher distances abov^t , protrudin S conductor, the 
the level of the acquired signaf Se^^difWnS cZ P "J™"? ^ main co ^ution to 
intensities surrounding the^tenna an^^^nt tLT? co fJ s P°^ to the local electric field 
intensities close to the^ignaTunTs ofTe lltS ^ reveals woak local field 
background signals. These signS < 3?2 0r * ° therwise by strong 

of tixe protruding conductor above the SjSJSSlS^ ^ *"* len ^ 
in Fig. 4 is also shown in Fig 5 in amTE^ of *e antenna. A part of the result presented 
across the middle of the caofcitor an^^SSS * ^ f0imat ^ shows a scan 
arnphtudesofmesignalsS^d^^ 

but also by phase. Therefore, the£ ^e^cT^aLot iSS. f ."f*^ not onl y b V amplitude 
^-nstmt^^ 

ome^ -solution when measuring the amplitude and 

This is schematically shown* Sg £ 2^?,^ iMtoad ° f the coa * ial 
to each other along the vertical dta^^ P S^£t B 1 ° 0p ** toood w * h re£ * ect - 

coaxial probe, it is advantageous to have S wit , T re * SOn as * *• case «f *e 
doesnotaffectmesignaldftectedby^^ 

bel^ 

example) relative to the vertical^ roS th e 2S? " mcIinati ^ of 45 degrees (for 
different spatial components can £ m2SSS2SS^? OUt VertiCal (n0Imal > 
parallel tome surface of the DOT cT^nC^ w Cartesian intensities, perpendicular and 
the probe rotated by 180 ^^^^^^^^ measurements with 
intensity can be obtained. normal axis, a vertical and one tangential field 



1 2sinor (jE °' "^'so') 



Here ; are the electric field intensities before and after the rotation Fio R * 

4e same point of the OUT TO? k£££*T£ Z *" antema ' S end is *»• 
to«ed by 0, ,20, 240 degrees al, ^^T^ - — - 



E * = ^c i2E <r- E ™- E w) 
E, 1 



intensity is perpendicular To fte ^TaZu^J tL Ime center where the vector of electric 

edges with ophite dSons oSS^ C ° mP ° nent ^ ltS d ° Se to the stri P 

ele^onic^emeasurings^ 

rsr 0 f ft ::ir to c r ert eiectdc to -«^i3Ss ^ 

m\e e ffe Ctl Ve^^^ Metric signal that results in changes 

the electronics is based o l^Su^Z^ f^ T '^ P ™* ™ ^ reSOnators * 
oscillators the extreme <w ^ factor Q. When incorporated in the feedback of the 

narr™ fr^ T7 P ° SitiVe ^^e in a very 

the air d^pbg forces sr^Zlr^ 2 * (typiCally above 10 of *• cr y stal oscillators 

and^Z fow 2 ssl for^l ^ ** reS ° nat0rS 316 ^psulated in a can 
usedi^ertec^ 

£SXiS^c5£J used 1x1 Atomic Force Microsc °py < AFM > «* 

and the s'ample. ^fS^itaSSS^S' TV* * S ^ u be ^ 

proximity The deoendencv nf thf ^ f ?f ed probe mteractI *g with the surface in its 

P oximity. me dependency of the amplitude and the phase of the probe's mechanical oscillation on 




3SS25E2? 3S££? ? 10 5"* ^ ~- tuning fork 

amplitude of the mec^ ° f *» P robe — *• detection of 5? 

Grober [Karrai K. gX^ R D A^nl l WaS ^g" 1 ^ introduced by Karrai and 

(Kauai SSto^i ^ 66 > *■ 1842 < 19 *% US patent 5641896 
paralle/orperprnSSrr^ 

(1998)], with both or only a single arm of &e teni^ JS- £ \ Lett 73 , p. 2724 

Shvets L V., Appl. Surf. Sei 144-H^1999)!p^0 ] ^ *" Um * M " Beredunov N " 

electrodes. Thus the p^o«c ^ronertl a P? hcatlon of the signal directly on the fork 

for the use of an Z^ZfV* The reason 

quality factor (which drops by more uln 2 ordere of m^ST' T?* 8 ^ * mUCh lower 
by additional damping forces air da™*™ !n7 of j na 8 mtude from their original value), caused 
attached and drag ^T^^^^^^^^^ *• system witt the tip 
signal and the ampUtude of the exciS ° 2 ° betWeen 1116 P iez oelectric response 

the level of the piezoel^Sc ^eTonfe externa wL? 0 ^ ? & * ^ factor ' ^^e, 
than teat of standard quartz .*SM£S end o be ^ToO urne^ 1 "TT 8 
amphtude of the excitation signal. Such low resnonse / i * "5? bel ° W level of tfa e 
excitation signal, thus separated systems toSSS^l 1S ° lat6 fr ° m 0ri 8 mal 

isolate bom signals. Figure 10 S^^SS^S^S^ ^ * ****** 
vibrating arm oscillating parallel to the surfLe T^f ♦ the (fathering piezo and one- 

^hph^ 
andsuppliedtefoefop.^ 8 

SSTS^C? °I * i pf ^ bCen 1186(1 by Chuan S et al. [Chuang Y H WaneC J 
mco^te^ P- 33 12] where a timlgaSg IS' wi 

-ponsebya^elect^ 

separation of both signals. The disadvanCe of «£? ™ * ? sub - m I Ulsec °nd mtervals^allowing 
instrumentation, is hf&e afcu W blSft S£l method, apart from the additional electronic 
electronic switch gate. ConSs S£ ^neasS^^ °f ^ and ^ency-of the 
aliasing, usually the frequency of the SSS SZl to ^ chosen toa void snch 

resonance frequency This remits inVS? ^ ^ to be m order lower *an mechanical 
system. q ^ ^ ^ m a Sl ° wer res P° nse *** * ^nger time constant of the feedback 

£ £5S2SE^^ Tbe 7-tiqn is based on the observation 

relative to me excitation fS^SS^^S ^ ^ eleCtrical res P onse ) is shift ^ 
we shall call hereinafter the rf«SZ^S2 ^ excita t 10n eIect ric signal) by 90 degrees that 
voltages on the fork elec^des^^^ be represented either by 

impedance of the quartz crystal we willde^rih^!- , ? . Crystah 1)116 to relatively high 
current I e and by the additS Zrni /S^t ^ ?° CUmmtS: * *° excita *>n 

signal orthogonaJity aHo£ p^ ° f *» fork " ™ e 

mechanical vibrations only and supnressina me^xc^ • T?^* corres P on ding to the 





shift between the reference and the fnrlr Mr^fati^ , m . 

suppression of such an SffSSbS P"" """.f* ^ Marly — l"* 

mechanical vibrations, is m-nhase wSffl^ rX """""f? ^Ponent//, corresponding to 

U ° = 7 SIM* s" 1 ^) +// cos(wt)]cos(a>t)e"*dt s (4) 

v2 

where x is the time constant of the lock-in demodulation and K i= th* • 

converter. The output is proportional to the tWri™ i ^ e conversion constant of the W 

feedback to control tip/s^ component/, only and is used in the 

external piezo element 3 2SSS^SS? 2* : |W *i do8B not ™» of an 

connected to me same ele^ 

by way of example These solutions h^ve beS ^ S ^ sclosure we P^ent two solutions 

phase is very important for I ^ M the correct choice °f the signal 

^corporation o^^^^ the generfter, 

required. Any type of LIA Soth ^Sm^t^S^ ¥ Performance phase shifter is usually 
used as the reference. C ^ and Can be ^ from the generator is 

S-tunmfS jjg* *■ tuning fork is measured. In this case- 

sent directly as a reference signaUc ^ T ^ ™ C ° nVerter - 1116 Volta * e fr om the LIA is 

^^aS^^Tn^S^t"^^^ 

oscillations, i S4 ihase sSSSt^? 1 ^ r£SUltmg ^ mechanical 
resiihW voltaee^ /?? w aTI * C excitatlon b y an additional 90 degrees. Its 

input of the UV converter renr^t f f honaI advantage of this circuit is that the 
ground pomt^d^ **» virtually zero impedance relative to the 

the signals would be influenced I eve^bv^St t ? ? Me rf *° signals - ° the ™^ the phase of 
quartzfork is mmer smaU G 20 hfT^ ^ ° f f* resistive load as capacitance of the 

such as the on^e^S in patent EP tf££^ ^JS* inpUt impedance hass to be a PP^> 
close to the quaSz resonator ^IZ^t^l\ %e is P^d very' 

impedance output can be matehed^ ^Trn^ f ly 38 * Slgnal condit ioner whose low 
suppression 

residual signal of level 10-100 times srna lie IZ tw ^2 * ° f ma g mtude ' ^suiting in a • 




input of LIA. In this case there is a senary 
^between the mpu^^^ 

fce dithering piezo. Both systems C2r J^^/ 3 "* 01 UtiKsmg ^ fo * and 
However, the system based on the self-eSoXf ? d com P^^ response times, 
piezo is required. Also the system wlm fte ^Zh^u'^' * QO extemaI Bering 
requirements of phase adjustaent of SeTerecS^ f ° 1S ^ gbJy simple to There are no 

quartz fork electrodes is always SS^Sn t ^ ^ on the 

with mechanical oscillations and resDon^il,! FT*"" folCes and out of P^e (shifted by 90°) 
caused by the particular mech^lcS 

mechanical vibrations from that piezo tome l^fT < ? thenng piezo md of the 

the circuit itself acts as a signal conditioner for y osclllator - According to the invention 
match in the input impedanS. ^ nfresTdS SSTS "^J?"" TeSUlWg fa a ^ch beSer 
oscillation by the time-gating signal Th^eTdvLtr ,° n ° f *° an * Htade of ^ *P 
faster scanning capability. advantages result in a shorter response time and thus a 

recorded using e.g. shear force re^orf SSESSfflf? 1 ^ 7** ^ topograph y * 
above. The separation between thTend rffctS *>rk crystal as described 
range of 1-30 nm, which is the effe^ S^ "S? 00 ° f *° DUT is *« only in the 
replaced for the antenna. We havelundZf j£2Z* - ** ****** probe is 

^pography probe and antenna are aSe^^^^S^ 8 ^ ^ M foUows - 
Fprobe is brought in focus of a long focal dis ance^^I ^ First, the topography 

mechamcal translation stage removes the to^^, ? P !: ^ &e center controlled- 
the same focal point of the TmicroscoD^ , TW,f ^ Pf ° be fr ° m *° focus ■*> brings antenna to 
by the XYZ stage between KSta ^E5?°? ^.ff**" 1 ° ffset - i>£5E2a 
proximity of the surface. AdditiaJH^ 

the antenna and the surface from the ^VE^iS^ ™ *" S6paration 
lvalue of e.g. 20 mn as required ^ 

™r e ?oTor^ T » the size of the DOT couldbe in the 

capable of proving accurate l«Z^Kf° n stages that So 

micrometer precision for the lateS dSSSt?. T ^ X and Y axes. Indeed 0 1 
with the height control, i.e. moventntX^TV ^ However » *e situation 

complex. The problem is that £££^^£2? to the ^ ^ a - is much more 
m the range of 10 mm or more and simuCS^ ^ of Z - d ^acement, typically 
resolution is required as thcp^S^^^ 1 "^^ to *>me 1 nm The hign 
nanometer height range. Therefore 18 based on s bear-force that is only active in thf 

^ g ™opes^ 

purpose ot the Z-axis displacement. Typically piezo 




tubes or piezo stacks are used. They are capable of providing the required resolution of the 
displacement but their dynamic range is limited to a fraction of a millimetre. According to the 
invention, we propose the use of the hybrid solution utilising both the piezo stack and the motorised 
translation stage according to the following routine. During the topography scan the motorised 
stage is always maintained at such a position that the piezo stack is kept in close to the middle of its 
dynamic range. For example, if the piezo stack is displaced from the middle of its dynamic range 
by more than + 25%, the motorized stage performs adjustment and moves the probe so that piezo 
stack is placed again in the middle of its range. In this way the feedback system can operate 
smoothly as piezo stack with fine position resolution and not the motorised stage is involved 
continuously in the z-position adjustment 
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